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HOT GAS PATH COMPONENT WITH MESH AND TURBULATED COOLING 
CROSS REFERENCE TO RELATED APPLICATIONS 



Application, R.S. Bunker et al., entitled "Hot Gas Path Component with Mesh and 
Dimpled Cooling," which is filed concurrently herewith and is hereby incorporated by 
reference in its entirety. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH & 
DEVELOPMENT 

[0002] This invention was made with Government support under contract 

number PRDA VII F33615-02-C-2212 awarded by the DOD. The Government has 
certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] The invention relates generally to hot gas path components for turbine 

assemblies and, more particularly, to synergistic approaches to cool the hot gas path 
components. 

[0004] Exemplary gas turbine engines are used for aircraft or stationary power 

applications, and engine efficiency is a key design criteria for both applications. The 
efficiency of gas turbine engines improves with increased temperature of the 
combustion gas flow. However, a limiting factor in the gas flow temperature is the 
high temperature capability of the various hot gas path components, such as the 
turbine stator and rotor airfoils. Stator airfoils are also known as vanes or nozzles, 
rotor airfoils are also known as blades or buckets. 

[0005] Various approaches to cooling the hot gas path components have been 

proposed and implemented to increase the upper operating temperature of the engines. 
Several of these approaches are reviewed in commonly assigned U.S. Patent No., 
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5,690,472, Lee, "Internal Cooling of Turbine Airfoil Wall Using Mesh Cooling 
Arrangement," which is incorporated herein by reference in its entirety. These 
cooling techniques typically involve bleeding compressed air off the compressor to 
serve as a coolant. However, by bypassing the compressed air around the engine's 
combustion zone to cool the hot gas path components, the overall efficiency of the 
engine is reduced. Accordingly, it is desirable to increase the cooling effectiveness of 
the hot gas path components, in order to improve overall engine efficiency. 

[0006] One beneficial cooling technique is mesh cooling, as described, for 

example in U.S. Patent No. 5,690,472, which is cited above, and in U.S. Patent No. 
5,370,499, Lee, "Film Cooling of Turbine Airfoil Wall using Mesh Cooling Hole 
Arrangement," which is also incorporated by reference herein in its entirety. 
However, a need for additional improvement in cooling of hot gas path components 
remains. This need is especially strong for cooling thin airfoil walls and/or regions of 
limited availability, such as the trailing edges of airfoils. Accordingly, it would be 
desirable to provide enhanced cooling effectiveness for hot gas components. 

BRIEF DESCRIPTION 

[0007] Briefly, in accordance with one embodiment of the present invention, a 

component is described. The component includes at least one wall having an inner 
portion and an outer portion. A number of pins extend between the inner and outer 
portions of the wall. The pins define a mesh cooling arrangement having a number of 
flow channels. A number of turbulators are disposed on at least one of the inner and 
outer portions of the wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] These and other features, aspects, and advantages of the present 

invention will become better understood when the following detailed description is 
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read with reference to the accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

[0009] FIG. 1 shows an exemplary hot gas path component with an airfoil; 

[0010] FIG. 2 is a cross-sectional view of the airfoil of FIG. 1, taken along 

line 2-2 of FIG. 1; 

[0011] FIG. 3 is an enlarged longitudinal sectional view of an exemplary 

embodiment of the mesh cooling arrangement of FIG. 2 with transverse turbulators; 

[0012] FIG. 4 is a longitudinal sectional view of the turbulated mesh cooling 

arrangement taken along line 4-4 of FIG. 3; 

[0013] FIG. 5 is an enlarged longitudinal sectional view of another exemplary 

embodiment of the mesh cooling arrangement of FIG. 2 with angled turbulators; 

[0014] FIG. 6 illustrates another exemplary mesh cooling arrangement with 

alternating segmented turbulators; 

[0015] FIG. 7 illustrates an exemplary mesh cooling arrangement with 

segmented, chevron turbulators; 

[0016] FIG. 8 shows an exemplary dimpled, turbulated mesh cooling 

arrangement; and 

[0017] FIG. 9 illustrates an active-passive transpiration and convection 

embodiment of a dimpled, turbulated mesh cooling arrangement. 

DETAILED DESCRIPTION 

[0018] A component 10 embodiment of the invention is described with 

reference to FIGS. 1-4. Exemplary components include hot gas path components, 
such as blades, vanes, end walls, and shrouds. The invention is equally applicable to 
other portions of the stator and rotor assemblies, as well as to other hot sections such 
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as after-burners. Moreover, the invention applies to various size and application gas 
turbines, such as aircraft engines and land-based power turbines. Conventional hot 
gas components are well known, as are mesh cooled hot gas path components. The 
component 10 shown is purely exemplary, and the invention is not limited to any 
particular component type. As shown, for example in FIGS. 1 and 2, the component 
10 has at least one wall 12 having an inner portion 14 and an outer portion 16. As 
shown for example in FIGS. 3 and 4, the component 10 further includes a number of 
pins 18 that extend between the inner and outer portions 14, 16 of the component wall 
12. The pins define a mesh cooling arrangement 20 that includes a number of flow 
channels 22. Exemplary pin shapes are rounded or sharp, depending on the 
manufacturing method. Exemplary pin shapes include cylindrical and rounded 
diamonds. The shape may be selected, in part, to obtain a more directional cooling 
flow, for example to enhance interaction with the other cooling enhancements, such as 
turbulators, which are discussed below. Investment casting produces a rounded pin, 
whereas sharper corners result from fabrication methods. The component 10 also 
includes a number of turbulators 36 disposed on at least one of the inner and outer 
portions 14, 16 of the component wall 12, as shown for example in FIGS. 3 and 4. 
According to three particular embodiments, the turbulators 36 are formed on the inner 
portion 14 of the wall 12, on the outer portion 16 of the wall 12, and on both the inner 
and outer portions 14, 16 of the wall 12. 

[0019] Traditional pin banks have high height-to-diameter (H/D) ratios that 

exceed two (2). The pin height H and diameter D are indicated in FIG. 4. In contrast, 
the pins 18 are characterized by a height-to-diameter ratio of about less than or equal 
to two H/D < 2.0, and more particularly, by a height-to-diameter ratio of about less 
than one (H/D < 1.0), and still more particularly by a height-to-diameter ratio within a 
range of about 0.1 to about 0.3 (0.1 < H/D < 0.3). As a result, the pins 18 define a 
mesh cooling arrangement 20 (or "flow network mesh 1 ) with an overall blockage of 
about forty percent (40%) or greater. Blockage in this case refers to the percentage of 
the otherwise open flow channel cross-section area that is now occupied by the pins. 
By situating turbulators 36 in this mesh cooling arrangement 20, further disruption of 
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the flow is achieved, which enhances heat transfer effectiveness. Beneficially, the 
turbulators 36 provide substantial flow disruption without significant material or 
weight addition. This facilitates a higher pin-to-pin spacing within the mesh cooling 
arrangement, which reduces the weight of the component 10. In addition, the 
enhanced heat transfer effectiveness resulting from the turbulated mesh cooling 
arrangement 20 facilitates the use of circular and other low pressure loss pins 18, 
resulting in acceptable total pressure losses at high thermal performance. By 
"circular," it is meant that the pins 18 have substantially circular cross-sections (as 
compared to a diamond shape, for example). Accordingly, exemplary circular pins 
are cylinders that extend between the inner and outer portions 14, 16 of the 
component wall 12. Other examples of low pressure loss pins include oval and 
elliptical pins. In addition to providing lower pressure losses, circular pins 18 are also 
desirable from an ease of manufacturing standpoint. 

[0020] FIG. 3 illustrates a transverse turbulator arrangement. As shown, the 

turbulators 36 extend between respective pairs of pins 18 in a direction transverse 38 
to a cooling flow 40. In addition to this transverse turbulator configuration, the 
turbulators 36 may also be arranged in an angled configuration. For example, FIG.5 
shows turbulators 36 that extend between respective pairs of pins 18 and are oriented 
at an angle 42 relative to a cooling flow 40. FIG. 6 illustrates an exemplary 
arrangement of "alternating segmented" turbulators 36, for which a first subset 44 of 
turbulators 36 extend between respective pairs of pins 18 and are oriented at an angle 
42 relative to a cooling flow 40. A second subset 46 of turbulators 36 extend between 
respective pairs of pins 18 and are oriented at a second angle 62 relative to the cooling 
flow 40. For the exemplary embodiment of FIG. 6, the first and second angles 42, 62 
intersect. By "intersecting angles," it is meant that the respective turbulators 36 in the 
first and second subsets 44 are not parallel. In other words, the respective turbulators 
36 in the first subset 44 are oriented relative to the turbulators 36 in the second subset 
46, such that they would intersect with their counterparts in the second subset 46 if 
they were long enough to do so. The precise relative orientation of members of the 
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first and second subsets 44, 46 of turbulators 36 will vary based on the spacing 
between the pins 18, for example. 

[0021] A chevron turbulator embodiment is described with reference to FIG. 

7. As shown for example in FIG. 7, respective pairs of turbulators 36 form chevron 
turbulators 48 on the respective one of the inner and outer portions 14, 16 of the 
component wall 12. For the particular embodiment of FIG. 7, the chevron turbulators 
48 are segmented chevron turbulators. Segmentation corresponds to an open apex 56, 
as shown in FIG. 7. Beneficially, segmentation, by providing an open apex 56, 
generates more effective fluid vortices. Convection along the angled direction of the 
turbulator segments 36 induces a kind of secondary vortical motion that is highly 
effective in thermal enhancements. 

[0022] For the exemplary embodiment of FIG. 7, each of the chevron 

turbulators 48 has an apex 56 oriented upstream relative to the cooling flow 40. Other 
arrangements include at least one chevron turbulator 48 with an apex 56 oriented 
downstream relative to the cooling flow 40. In addition, the relatively dense 
segmented chevron pattern of FIG. 7 is purely exemplary, and less dense segmented 
patterns are also embraced by the invention. 

[0023] Integrating a segmented chevron turbulator arrangement in a mesh 

cooling arrangement provides unique thermal enhancements. For example, the 
cooling flow 40 is accelerated through the gaps between neighboring pins 18, and the 
accelerated cooling flow then interacts with the open apex portion 56 of the chevron 
turbulator 48 to generate mixing and convecting vortices (not shown). Further, the 
chevron turbulators 48 enhance the interaction of the cooling flow with the 
downstream surface areas 58 of the pins 18. As a result of these synergies, the heat 
transfer is enhanced. 

[0024] A dimpled, turbulated embodiment is described with reference to FIG. 

8. As shown for example in FIG. 8, the component 10 also includes a number of 
dimples 24 located in at least one of the inner and outer portions 14, 16 of the 
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component wall 12. According to three particular embodiments, the dimples 24 are 
formed in the inner portion 14 of the wall 12, in the outer portion 16 of the wall 12, 
and in both the inner and outer portions 14, 16 of wall 12. Exemplary dimples 24 
have a center depth of about 0.010 to about 0.030 inches and a surface diameter of 
about 0.010 to about 0.12 inches, for typical aircraft engine applications. For typical 
power system applications, exemplary dimples have a center depth of about 0.010 to 
about 0.060 inches and a surface diameter of about 0.010 to about 0.250 inches. The 
dimples 24 may be formed in a number of shapes. For the exemplary embodiment of 
FIGS. 3 and 4, the dimples 24 are concave and,, more particularly, are hemispherical 
or hemispherical sections. Another exemplary dimple shape is a cone shape, including 
both a full or a truncated inverted cone. Beneficially, the dimples 24 set up fluid 
vortices in the cooling flow, which causes mixing near the component wall 12, 
thereby enhancing the heat transfer at the wall 12, as well as on the pin surfaces. In 
addition, the dimples 24 also increase surface area to help compensate for the area 
covered by the pins 18. In this manner, the present invention leverages different 
thermal enhancements in a synergistic approach. 

[0025] An active-passive transpiration and convection cooling embodiment is 

described with reference to FIG. 9, which is a longitudinal sectional view of an 
embodiment of the mesh cooling arrangement taken along line 9-9 of FIG. 8. For the 
exemplary embodiment of FIG. 9, the dimples 24 are located in the outer portion 16 
of the wall 12, as shown. More particularly, at least one coating 34 is disposed on the 
outer portion 16 of the wall 12. An exemplary coating 34 is a thermal barrier coating 
34. For the exemplary embodiment of FIG. 9, each of the dimples 24 shown extends 
through the outer portion 16 of the wall 12 to form respective cooling holes 32, and 
each of the cooling holes 32 shown is at least partially covered by the coating 34. 
Beneficially, by extending through the outer portion 16 of the wall 12, the dimples 24 
provide film cooling for the component wall 12. More particularly, the dimples that 
extend through the outer portion 16 of the wall to form cooling holes 32 provide 
transpiration cooling, whereas the dimples 24 that do not extend through the outer 
portion of the wall (not expressly shown) provide convection. 
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[0026] Depending on the desired level of cooling and specific component 

characteristics, dimples 24 can be formed in either the inner or outer portions 14, 16 
of the component wall 12 or in both the inner and outer portions 14, 16 of the wall 12, 
as noted above. Similarly, the dimples 24 can be formed of varying depth and/or 
diameter, such that some, all or none of the dimples extend through the respective 
inner and outer portions 14, 16 of the component wall 12. Where the dimples 24 
extend through the respective inner or outer portion 14, 16 of the wall 12, they form 
cooling holes 32, providing transpiration cooling for the component wall 12. Where 
the dimples 24 do not extend through the respective inner or outer portion 14, 16 of 
the wall 12, they provide convection to help cool the component wall 12. 

[0027] Although only certain features of the invention have been illustrated 

and described herein, many modifications and changes will occur to those skilled in 
the art. It is, therefore, to be understood that the appended claims are intended to 
cover all such modifications and changes as fall within the true spirit of the invention. 
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